The subchronic inhalation toxicology of ethylene glycol monoethyl ether (EGEE) was evaluated in rats and rabbits using a 13-week exposure regimen. Groups of 20 rabbits (10 M, 10 F) and 30 rats (15 M, 15 F) were exposed to a vapor of 25 ppm, 100 ppm, or 400 ppm, 6 hr/day, 5 days/week. The control groups received air only. Physical examinations and body weight measurements were conducted on all animals pretest and weekly throughout the study. Ophthalmoscopic examination was performed pretest and at termination. Evaluation of hematology and clinical chemistry was conducted on 10 animals per sex per group from each species after 13 weeks of study. Histopathological changes were assessed for all animals from the high-dose and control groups. In addition, selected tissues were examined from all animals from the mid-and low-dose groups. Both species exhibited an increased incidence of lacrimation and mucoid nasal discharge, but the response was not consistently dose-related. Rats exposed to EGEE showed no compound-related effects except for a decrease in pituitary to body weight ratio for high-dose males and a decrease in absolute spleen weight for all female animals. The spleen to body weight ratio was also less than controls for the females in the low-and high-dose groups. Pathological changes supportive of these organ weight changes were not observed. The rabbit is the more sensitive species to the subchronic toxicological effects from EGEE. Mean body weight values for low-and high-dose animals were decreased; the mid-dose animals, however, showed no change. Absolute weight and organ to body weight ratio for the testes were decreased for the high-dose group. Microscopic examination of the testes in animals from this group revealed slight focal seminiferous tubule degeneration in 3 out of 10 rabbits. Hematocrit, hemoglobin concentration and erythrocyte count were decreased in the high-dose group of rabbits compared to controls. The level at which no biologically significant effects are observed from subchronic inhalation exposure to EGEE is 400 ppm for rats and 100 ppm for rabbits.
Introduction
Derivatives of ethylene glycol enjoy wide use as solvents in lacquers, enamels, water-based coatings, and wood stains. Other applications include dye solvents in the textile, leather, and printing industries, solvents for insecticides and herbicides, solvents for grease in specialty chemicals, jet-fuel additives, automotive antistall additives, and diluents for hydraulic brake fluids (1) . Ethylene glycol monomethyl ether (EGEE) is an important derivative of this class of compounds. Its major industrial use is as a solvent for surface coatings such as nitrocellulose lacquers, epoxy coatings, paints, varnishes and varnish removers, and in inks, dyes and hydraulic fluids (2) (3) (4) . In addition, consumer products such as nail enamels and removers, and hair conditioners may contain EGEE (4 EGEE possesses a low order of toxicity from acute exposure to the adult animal (5) . The toxicology of EGEE becomes more significant when repeated exposure to adults and exposure to the fetus is considered. Numerous investigators have reported developmental toxicity to the offspring of rats (6) (7) (8) (9) and rabbits (6, 10) when exposed in utero. Specific organ damage has also been observed in animals treated with this chemical. Nagano et al. (11) noted pathological change to the testes and hematological effects in mice exposed orally (5 weeks, 5 days/week) to EGEE at dose levels of 1000 and 2000 mg/kg, respectively.
Testicular effects were observed in rats and dogs following subehronic oral administration (8) . Short-term exposure to rats has also resulted in testicular toxicity. Foster et al. (12) noted depletion of spermatogenesis in rats given EGEE orally for 11 days at a dose of 500 mg/kg.
The present study was undertaken to determine the toxicology of EGEE vapor to rats and rabbits following subchronic inhalation exposure. The rat and rabbit were chosen because these species are sensitive to subchronic effects from ethylene glycol monomethyl ether (EGME) (13, 14) , a material structurally similar to EGEE. All animals were observed twice daily for signs of toxicity and morbidity. Individual body weight was recorded weekly. An ophthalmic examination was conducted on all animals during the acclimation period and at the completion of the study.
Materials and Methods
Clinical laboratory tests were conducted on 10 rats/sex/group and on all rabbits at study termination. Blood was collected from rats via the orbital sinus and from rabbits from the medial ear vein. All animals were fasted overnight prior to collection of blood. The hemato- 
Results
The daily mean analytical concentration of EGEE for each ch.amber was within + 10% of the target concentration except for one day of 19 ppm at the lowest concentration. The overall mean ±+SD for the exposure period was 25 + 1, 103 ± 6, or 403 ± 10 and 25 ± 1, 103 + 6 or 402 ± 10 for the rats and rabbits, respectively.
There was close agreement between the analytical and the nominal concentrations.
An increased incidence of lacrimation and mucoid nasal discharge was observed in all treated groups relative to controls from week 2 through week 10. However, these observations did not occur in a doserelated pattern. The ophthalmoscopic examination revealed no treatment-related effects.
The body weight data are presented in Table 1 . The growth of both male and female rabbits was depressed slightly compared to controls although a clear dose response was evident only at 400 ppm. The body weight data for the treated rats were not different significantly from control values. The incidence of organ weight changes in treated relative to control animals was low in both species (Table 2 ). The adrenal weight from male rabbits was decreased in those animals exposed to 25 ppm EGEE. No change was noted at higher concentrations. The testes weight was decreased significantly in this species at 400 ppm. The relative brain weight of each animal (grams of organ per 100 g of body weight) was increased at all concentrations in female rabbits, but this was due to decreases from controls in terminal body weights. In rats, the only organ weight changes consisted of a decrease in absolute and relative pituitary weight in males exposed to 400 ppm and a decrease in absolute spleen weight at all concentrations in females. The decrease in relative spleen weight was significant only at the low and high concentrations.
The hematological data are shown in Table 3 . Male and female rabbits exposed to 400 ppm EGEE sustained decreases in hemoglobin, hematocrit, and erythrocyte count. No hematological changes were observed to either sex at the lower concentrations. The only alteration noted in rats was a drop in leukocyte count from females exposed to 400 ppm. This effect was not seen in males at this concentration and is of unknown biological significance. Statistically significant differences were observed in serum biochemical variables from both species, but all are of unknown biological significance. Total protein was elevated slightly in male rabbits exposed to 400 ppm. This increase resulted from the globulin fraction. Cholesterol was lowered in females at all concentrations. In rats the only change noted was a depression of blood urea nitrogen in females at the highest concentration.
Data from the urinalyses of rats were unremarkable at all exposure levels.
Gross pathological examination revealed no changes indicative of a treatment-related effect in either species. Evaluation of histopathological change in the rabbit revealed alterations in several tissues. Only the pathological change to the testes appeared related to EGEE exposure. This change to the testes of rabbits is compared in Figure 1 . Minimal to slight focal degeneration of seminiferous tubules was noted in three of ten rabbits and was characterized by loss of epithelium. Spermatogenic activity in animals exhibiting histopathologic change, as judged by overall organ morphology, appeared normal.
A variety of incidental microscopic alterations was observed in the tissues examined from both the control and exposed rabbits. In the brain, scattered instances of focal perivascular cuffing and focal encephalitis were seen in both control and exposed rabbits. These inflammatory lesions probably resulted from infection by Nosema sp., even though the organism was not demonstrable with H&E staining. Interstitial lymphoid infiltration and pyelitis, also associated with Nosema sp. infection, were seen occasionally in the kidneys from both control and EGEE-treated rabbits. Extramedullary hematopoiesis and pigment deposition were seen consistently in the spleens from both control and exposed rabbits. The severity of these microscopic observations was generally comparable among the control and exposed groups. Pericholangitis and focal necrosis were frequently seen to a minimal to slight degree in the livers from both control and exposed rabbits.
Histopathological evaluation of tissues from the rat revealed no treatment-related lesions. Incidental findings comparable to both control and exposed animals were noted, e.g., extramedullary hematopoiesis, focal pneumonia, focal aveolitis, and focal bronchitis. Histopathological lesions supportive of organ weight changes for the spleen and pituitary gland were not observed.
Discussion
The results from this study indicate that the rabbit is the more sensitive species to subchronic exposure to EGEE vapor. Data from body weight, organ weight (males only), hematology and pathological change (males only) support a dose-related effect to both sexes of this animal exposed to 400 ppm. Animals at this concentration gained weight steadily, but lagged the control group. They also showed evidence of anemia and testicular changes characterized by degeneration of tubular epithelium. Although isolated statistically significant changes from control values occurred on all concentrations in rats, none was judged treatment-related.
The anemia observed in rabbits appears to be the result of an increase in the destruction of erythrocytes rather than a depression oferythropoiesis. No pathological change to the bone marrow was noted. The hematologic data suggest that the remaining cells are normal since no change from control values was observed in MCH, MCV, or MCHC.
Nagano et al. (10) noted testicular and hematologic changes in mice exposed orally to EGEE. The testicular changes (decrease in weight and atrophy) were observed at a threshold of 1000 mg/kg while effects to the blood (decrease in white blood cell count) were not seen until 2000 mg/kg. The threshold dose at which these effects occurred was significantly higher than the dose received by rabbits in this study based on physiological data developed by Guyton (13) . If we assume complete retention of the inhaled EGEE by rabbits, the daily dose received at the observed no-effect level (ONEL) would be approximately 50 mg/kg/day compared to the ONEL of 500 mg/kg/day for mice in the Nagano (10) work. Again the rabbit appears to be the more sensitive species.
The mechanism of testicular toxicity in rats produced by EGEE has been investigated by Foster et al. (12) .
They found that degeneration in this organ was restricted to the later stages of primary spermatocyte development and secondary spermatocytes. Sertoli and Leydig cells, spermatogonia, prepachytene spermatocytes, and spermatids were unaffected apart from partial maturation depletion of early stage spermatids. These authors also treated rats with equimolar doses of 2-ethoxyacetic acid (2-EAA), an EGEE metabolite. The testicular lesions produced by 2-EAA were similar qualitatively and quantitatively to those produced by EGEE, indicating that the toxicity of EGEE may be due to formation of this metabolite. The inhalation toxicology from repeated exposure has been studied using EGME. Doe et al. (14) exposed rats to 100 or 300 ppm EGME 6 hr/day for 10 days. At 300 ppm, a reduction in testicular weight and atrophy of the seminiferous tubules were noted. Exposure to this concentration also produced decreases in red and white blood cell counts, Hb, Hcrt, and MCH. Miller et al. (15) exposed rats and mice to 100, 300 or 1000 ppm EGME vapor for 6 hr/day for 9 days. Rats exposed to 1000 ppm EGME showed body and organ weight changes, anemia and pathological change to the testes, bone marrow, thymus, spleen, and mesenteric lymph nodes. In a follow-up investigation (16) , rats and rabbits exposed subchronically (6 hr/day, 5 days/week for 13 weeks) to 30, 100 or 300 ppm EGME vapor also sustained target organ damage. Although rats were affected only at 300 ppm, changes suggestive of a treatment-related effect to the testes occurred at 30 ppm in rabbits. Foster et al. (12) compared EGME-mediated testicular effects to those produced by EGEE in the rat. EGME produced damage similar to that from EGEE, but a lower dose was necessary to produce comparable pathological change. Effects to this organ were observed from daily exposure to EGME for 11 days at a dose of 100 mg/kg, while 500 mg/kg of EGEE was necessary to produce similar changes. 2-Methoxyacetic acid elicited lesions equivalent to EGME at equimolar doses. Rao et al. (17) noted impaired reproductive capability in male but not in female rats exposed subehronically to 300 ppm EGME.
The testicular effects from EGEE in rabbits were noted in a minority (3/10) high exposure of animals. These were judged to be minimal to slight. The anemia also appears to be slight. The changes from EGEE are similar qualitatively to those produced by EGME.
However, EGEE is clearly less potent. The ONEL from subchronic inhalation of EGEE vapor is 400 ppm in rats and 100 ppm in rabbits.
